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8. V. LEBEDEV'S WORK ON THE SINTHESIS OF RU@BE'

K. Piotrovskiy, K. Smircov

The greatest advance by the chemical industiry in the 20th ceatury: -- the
gynthesis of rubver -- is inseparably connected with tb> name of the most out-
azanding organic chemist in the USSR, Academician Sergey Vasil'yevich Lebedev.
Chemical science found in him & vorthy Zollower of A. M. Butlerov in tiz field
of the chemistry of unsaturated hydrocarbons. ‘

Lebedev established principles for tﬁe polymerization of these fconpounda
and for their synthesis. ¥Pe also applied his results in this 7leld o the soln-
tion of problems conrected with the synthesis of rubber on an industrial scale.

Sergey Vasil'yevich Lehedev was born 25 July 187k. Upon leaving Peters-
burg University in 1900, he began work in the chexical industry, and in 1906
took up systematic sclentific research work. He chose to stuly the field of.
polymerizetion of unsaturated hydrocarbons, beginning with tbe esters of zcrylie
acids. .

Shortly thereafter, he began the study of the polymerization of dfethylene
hydrocarbons, & field practically unknown at the time he entered 1t. As a re-
gult of hie work from 1907 ¢o 1912, he was ohle tn demonstrate for the first
time the ability of several butadiene derivatives to polymerize into rubberlike
producis {1909). This i3 aignificant in view of the faci that every counutry in

“ - the world nov uses butadiene as the basic monomer in 1ts synthetic rubber indus-

e
wiye

Lebedev established (1) the nature of the basic products formed in the
process of thermal polymerization of diethyleme hydrocarbons, and (2) the rela-
t.onBhip between the rate of the thermal polymerization of thes~ compounds and
their structure (the effect of substituents).
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Be elso established recognzied laws in this field which forued the bagls
of further siudies. It is 4O yesrs since he Fformulated his principles, and
nothing fundamentally new in this fleld has been discovered since then by elther
USSR or foreign scientists. Synthetic rubber was prepared for the first time in
the Soviet Union in 1926-1932 in accordance with his methods.

Azzording to Lebedev, temperature plays & very important role in the forma-

tioz of polymers and dimers. The relative emounts of the polymers and the dim-

‘ ers depend on the tempersture. With an increase in tempersture, the amount of
the dimer increases, and that of the polymer decresses. :

This rule has & very important practical velue. The dimers of tutediene
derivatives mre derivatives of cyclohexene and are formed, as he peinted out,
invariably along with the polyme-s. In order .2 obtain a maximun yield of the
polymers, the procezs must be cerried out at relatively lov temperatures. Lebedev's
experimerts with isobutylene demonstrated that the products at high temperatures
were low molecular, awnd at low temperatures were high molecular.

In the second principle governing tke polymerization of butadiene deriva-
tives, he established the relation between the rate of polymerization and the
structure of the hydrccarbons, stating the following three comditions:

1. In & series of isomers, a3 the substituente are moved from *he end atoms
i a conjugate system to the middle atows, the rate of pol-meriszaticn increases;
if the subatituents are moved in a reverse direction, it decieusesa.

2. The formation of a ring by a chain having 2 conjugate svetem increaces
the rate of polymerizaticn.

3. In a homologous series;, an increase in the mase of the substituents at
the middle atoms of & conjugutc syeter increases the rate of polymerization, but
an increase st the end atoms decreases the rate of polymerizastiom, if heating 18
carried out at the same temperaturee.

Application of this rule to the syntheels of rubberr permits the selectlor
of the most suitable hydrocarbons for tLi prccess.

Lebedev aqvancad a new cor “ept relating polarity 4o polymeriza®iorn in hiw
M, A, thesis, "Resesrch in the field o Polyxerization of Disthylene Ryiroisr-
boua," rublished in 1913. In this thesis, Lebedev atated tha’ as a result gf
studylug the mechanism of the process, he assumed that the molecule reacts at
only one point in forming & compound and that the formation of the compound is
determined by two factors: ithe affinity of the unsaturated atoms and tne polar-
ity. Tnis momograph, still used and still wnsurpasss?, also dealt with allene
nydrcrarbons.

The Russian Academy of Sciences awarded Lebedev the Prize imeni Tolstoy
ir 1914, His wooky, however, were not fully appreciate? in Czarist Russia,
and only after the Great October Revolution ard the coming-to-pover of the
Bolsheviik Party did they receive the merited attention.

Following the announcement (by the Supreme Soviet for the National Econ-
omy) ¢f competition for the development of an industrial method for the syn-
thesis of rubber, he and his scientists set out in 1926 %6 develop such &
method, and on 1 January 19°8, he won the prize by presenting the jury witn &
2-kilogram specimen of synthetic rubber (butadiene, as indicated previously,
being the basis for the procese).
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Lebedev began by working on the preparation of butadiene from bith pet-
roleun snd etlyl elcohol, but socon fovnd that the latter method was prefeiele,
According to his method, alcohol is simultaneously dehyirated and dehydrogensated
to give s high yleld of butadiene according to the equation: 2CsEgOH —> Chg +

2Ho0 -+ Hp.

Through his efforts, and now with the sponsorship and ald of the government
of the USSR, Stalin and his closest aldes, Kirov and Ordzhonikidue, iue first
snythetic rubber factory was built in 1932, and others followed., During the
building of the factorles and afterward his functions were chiefly supervisory
and technological.

Lebedev wes awerded the Order of Lenia by the Central Exzscuvive Committee
.of the USSR im 193), and in 1932 he became an Active Member of the Academy of
Sclences USSR.

Prom 1920 to 193%, he conducted a whole series of experiments on the hydro-
gepation and nolymerizetion of unsaturated compounds, esteblishing the connec-
+ion between their structvres and the rates of their hydrogenation, another study
which 18 closely allied with the field of symthetic rubber. For this, in 1930,
he was avarded the Prize imeni F. 5. Dzerzhinskiy.

His work on the polymerization of ethyleme hydrocarbons by silicates is
the sciantific Lasis Tor the preparation of liquid fuel from gsse.us bydrocar-
bons. It also forms the toundation for che synchesis of rubber by the poly-
merigation of isobutylere, a process which was first otudizd@ by Lebedev end led
to later industrial apgpilication of the reaction in question. Through the years,
his efforts are characterized by unity of purpoee and peraistance.

In the scademic reslm, Lebedev was a professor at Jeningrad University end
also at the Military Medical Acsdemy imeni Kirov. In lcier years he vas, in
addition, a professor at the Leningrad Techaological Institute. He taught many
organic chemists, who, since his desth in 1934, are carrying cn his work.
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